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Abstract
We construct the asymptotically flat charged thin-shell wormholes of Lovelock gravity in seven
dimensions by cut-and-paste technique, and apply the generalized junction conditions in order to
calculate the energy-momentum tensor of these wormholes on the shell. We find that for negative
second order and positive third order Lovelock coefficients, there are thin-shell wormholes that
respect the weak energy condition. In this case, the amount of normal matter decreases as the third
order Lovelock coefficient increases. For positive second and third order Lovelock coefficients, the
weak energy condition is violated and the amount of exotic matter decreases as the charge increases.
Finally, we perform a linear stability analysis against a symmetry preserving perturbation, and find
that the wormholes are stable provided the derivative of surface pressure density with respect to
surface energy density is negative and the throat radius is chosen suitable.
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I. INTRODUCTION
Traversable wormholes are throat like geometrical structures which connect two separate
and distinct regions of spacetimes and have no horizon or singularity [1]. It is known that
the traversable wormholes in Einstein gravity possess a stress-energy tensor that violates
the standard energy conditions and therefore they are supported by exotic matter (see, e.g.,
[2]). There are two main areas in wormhole research which attracted many authors.
The first one is to try avoiding, as much as possible, the violation of the standard energy
conditions. The existence of traversable wormholes that are supported by arbitrarily small
quantities of exotic matter [3] or supported by matter not violating the energy conditions
[4, 5] have been investigated. One of the most interesting kinds of traversable wormholes
is the thin-shell wormholes which are constructed by the cut-and-paste technique used for
the first time in relation to wormholes in Refs. [6, 7]. This is due to the fact that energy is
concentrated on the throat of thin-shell wormholes, and therefore the construction of these
wormholes needs less exotic matter. Thin-shell wormholes have been investigated by many
authors [8].
The second main research area is the stability analysis of thin-shell wormholes against a
symmetry preserving perturbation. This can be done by considering a linearized stability
analysis around the static wormhole solutions. The stability analysis will tell whether a static
wormhole solution holds under small perturbations or not. The stability analysis of four-
dimensional thin-shell wormholes of Einstein gravity with spherical symmetry in vacuum
has been done in [7] and in the presence of cosmological constant in [9]. The generalization
of these stability analysis to the case of higher-dimensional wormholes can be found in [10].
Also for stability analysis with dilaton, axion, phantom and other types of matter, and in
cylindrical symmetry see [11].
For thin-shell wormholes of Einstein gravity, the weak energy condition (WEC) is violated.
Several attempts have been made to somehow overcome this problem. Some authors resort
to the alternative theories of gravity. In this context, the thin-shell wormholes of dilaton
gravity supported by Chaplygin gas have been investigated in [12], of Brans-Dicke theory in
[13] and of Gauss-Bonnet gravity in [14].
Recently, the third order Lovelock gravity have attracted more attention [15]. This is due
to the fact that it contains more free parameters, and therefore third order Lovelock gravity
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may be dual to a more extended class of field theories which one can study with holography
[16]. Here, we like to add the third order term of Lovelock theory [17] to the gravitational
field equations, and investigate the effects of it on the energy conditions and stability of a
thin-shell wormhole solution.
In order to do these, one needs the generalized junction conditions in Lovelock gravity.
The junction conditions in Einstein gravity is known as Darmois-Israel junction conditions
[18]. Also the generalized junction conditions in Gauss-Bonnet gravity [19] and Lovelock
gravity [20] have been introduced. In this paper, we use the generalized junction conditions
in order to investigate the exoticity of matter on the throat and to perform a linear stability
analysis of the thin-shell wormholes of Lovelock gravity.
The paper is organized as follows. In Sec. II, we review the asymptotically flat static
charged solutions of third order Lovelock gravity in seven dimensions. Section III is devoted
to the generalized junction conditions in Lovelock gravity. We construct the thin-shell worm-
holes in Sec. IV. In Sec. V, we investigate the energy conditions on shell for these wormhole
solutions and we consider the exoticity of matter for different values of the parameters of
Lovelock gravity. Finally, we perform the stability analysis of the wormhole solutions in Sec.
VI . We finish our paper with some concluding remarks.
II. SPHERICALLY SYMMETRIC GEOMETRY
Here, we review the asymptotically flat charged static solutions of third order Lovelock
gravity. The action of third order Lovelock gravity in the presence of electromagnetic field
may be written as
I =
∫
dn+1x
√−g (L1 + α2L2 + α3L3 − FµνF µν) (1)
where α2 and α3 are second (Gauss-Bonnet) and third order Lovelock coefficients, L1 = R is
just the Einstein-Hilbert Lagrangian, L2 = RµνγδRµνγδ−4RµνRµν +R2 is the Gauss-Bonnet
Lagrangian, and
L3 = 2RµνσκRσκρτRρτµν + 8RµνσρRσκντRρτµκ + 24RµνσκRσκνρRρµ
+3RRµνσκRσκµν + 24R
µνσκRσµRκν + 16R
µνRνσR
σ
µ − 12RRµνRµν +R3 (2)
is the third order Lovelock Lagrangian. In Eq. (1) Fµν = ∂µAν − ∂νAµ is electromagnetic
tensor field and Aµ is the vector potential.
3
The seven-dimensional static solution of action (1) may be written as
ds2 = −f(r)dt2 + dr
2
f(r)
+ r2dΩ25, (3)
where dΩ25 is the metric of a 5-sphere, the gauge field is
A =
√
5
8
q
r4
dt,
and the metric function satisfies the following equation
24α3(1− f)3 + 12α2(1− f)2r2 + (1− f)r4 −m+ q
2
r4
= 0. (4)
The solution of Eq. (4) is [21]
f(r) = 1 +
α2
6α3
r2 +
1
12α3
(
ζ1/3 − 2(α3 − 2α
2
2)r
4
ζ1/3
)
, (5)
where ζ and ξ are
ζ = ξ +
√
ξ2 + 8(α3 − 2α22)3r12,
ξ = 2α2(4α
2
2 − 3α3)r6 − 36α23(m− q2r−4).
The above metric presents an asymptotically flat black hole with two horizons provided q <
qext, an extreme black hole with one horizon if q = qext and a naked singularity otherwise,
where qext is
qext =
{
2187
2
α42 − (3α3 −
m
8
)(η2 + 243α22)−
3
2
α2η
3
}1/2
,
η =
(
2m+ 81α22 − 48α3
)1/2
. (6)
The metric function for the special case α3 = 2α2
2 = α2/72 reduces to
f(r) = 1 +
r2
α
{
1−
(
1 +
3αm
r6
− 3αq
2
r10
)1/3}
. (7)
In studying wormholes, the matter is outside the horizon r > rh, where rh is the largest real
root of f(r) = 0.
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III. JUNCTION CONDITIONS IN LOVELOCK GRAVITY
The action of Lovelock gravity with well-defined variational principle in n+ 1 dimension
may be written as [22]
IG = κ
∫
dn+1x
√−g
[n/2]∑
p=0
αpLp
−2κ
∫
Σ
dnx
√−γ
[n/2]∑
p=0
p−1∑
s=0
(−1)p−spαp
2s(2p− 2s− 1)H
(p) (8)
where [z] denotes the integer part of z, αp is Lovelock coefficient, Lp is the Euler density of
a 2p-dimensional manifold
Lp = 1
2p
δµ1ν1···µpνpρ1σ1···ρpσpR
ρ1σ1
µ1ν1
· · ·R ρpσpµpνp , (9)
and
H(p) = δ[a1...a2p−1][b1...b2p−1]Rb1b2a1a2 · · ·R
b2s−1b2s
a2s−1a2s
Θb1a1 · · ·Θb2p−1a2p−1 (10)
In the above equations δ
µ1ν1···µpνp
ρ1σ1···ρpσp is the generalized totally antisymmetric Kronicker delta
and γab and Θab are the induced metric and extrinsic curvature of the timelike hypersurface
Σ.
Varying the action (8) with respect to the induced metric γab gives [20, 22]
T ab = −2κ
n∑
p=0
p−1∑
s=0
4p−sp!αp
2p+1s!(2p− 2s− 1)!!H
(p,s)a
b (11)
where H(p,s)ab is
H(p,s)ab = δ[a1...a2p−1a][b1...b2p−1b]Rb1b2a1a2 · · ·R
b2s−1b2s
a2s−1a2s
Θb2s+1a2s+1 · · ·Θb2p−1a2p−1 . (12)
In Eqs. (10) and (12) Rabcd is the boundary components of the Riemann tensor of the
Manifold M which is related to the intrinsic curvature of the hypersurface Σ, Rˆabcd(γ),
through the Gauss-Codazzi equation as
Rabcd = Rˆabcd(γ) + ΘacΘbd −ΘadΘbc
Now considering the manifoldM as two manifoldM+ andM− separated by hypersurface
Σ, and denoting its two sides by Σ±, then the generalized junction conditions can be written
as
Sab = T ab+ − T ab− , (13)
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where T ab
±
is the energy-momentum tensor given in Eq. (12) associated with the two sides
of the shell.
IV. THIN-SHELL WORMHOLE CONSTRUCTION
To construct a thin-shell wormhole in third order Lovelock gravity, we use the well-
known cut-and-pase technique. Taking two copies of asymptotically flat solutions of Lovelock
gravity given by Eqs. (3) and (5) and removing from each manifold the seven-dimensional
region described by
Ω± = {r± ≤ a; a > rh} (14)
we are left with two geodesically incomplete manifolds with the following timelike hypersur-
face as boundaries
Σ± = {r± = a; a > rh} . (15)
Now identifying these two boundaries, Σ+ = Σ− = Σ, we leave with a geodesically complete
manifold containing the two asymptotically flat regions Ω+ and Ω− which are connected by
a wormhole. The throat of the wormhole located at Σ with metric
ds2Σ = −dτ 2 + a2(τ)dΩ25,
where τ is the proper time along the hypersurface Σ and a(τ) is the radius of the throat.
All the matter is concentrated on Σ.
To analyze such a thin-shell configuration, we need to use the modified junction condition
introduced in Sec. III. Denoting the coordinates on Σ by ξa = (τ, θi; i = 1...5), the extrinsic
curvature associated with the two sides of the shell are
K±ab = −n±ρ
(
∂2Xρ
∂ξa∂ξb
+ Γρµν
∂Xµ
∂ξa
∂Xν
∂ξb
)
r=a
, (16)
where n±ρ are the units normal (nρn
ρ = 1) to the surface Σ in M:
n±γ = ±
∣∣∣∣gµν ∂G∂Xµ ∂G∂Xν
∣∣∣∣ ∂G∂Xγ (17)
and G(r, τ) is the equation of the boundary Σ:
G(r, τ) = r − a(τ) = 0. (18)
6
Using an orthonormal basis {eτˆ , eıˆ; i = 1...5}, the components of extrinsic curvature tensor
may be calculated as
Kτˆτˆ =
Γ
∆
, Kıˆˆ =
∆
a
δ ıˆˆ, (19)
where
Γ = a¨+
f ′ (a)
2
, ∆ =
√
a˙2 + f (a) ,
and prime and overdot denote the derivative with respect to a and τ , respectively. Equation
(19) shows that the form of the stress-energy tensor on the shell is S aˆ
bˆ
= diag (−σ, p δ ıˆˆ),
where σ is the surface energy density and p is the transverse pressure.
Now using the junction condition (13), the components of energy momentum tensor on
the shell may be written as
σ = −S τˆτˆ = −
∆
4pia
{
5 +
40α2
a2
[3(1 + a˙2)−∆2] + 24α3
a4
[15(1 + a˙2)2 − 10∆2(1 + a˙2) + 3∆4]
}
,
p = S iˆ
iˆ
=
1
8pi
{
2Γ
∆
+
8∆
a
+
16α2
a2
[
3Γ
∆
(
1 + a˙2 −∆2)+ 2∆
a
[
3
(
1 + a˙2
)−∆2]+ 6a¨∆]
+
48α3
a4
[
3Γ
∆
(
1 + a˙2 −∆2)2 + 4a¨∆ [3(1 + a˙2)−∆2]]
}
. (20)
One may note that the surface energy density and transverse pressure satisfy the energy
conservation equation:
d
dτ
(
σa5
)
+ p
d
dτ
(
a5
)
= 0. (21)
The first term in Eq. (21) represents the internal energy change of the throat and the second
term shows the work done by the throat’s internal forces.
V. EXOTICITY OF THE MATTER ON SHELL
In this section, we consider the issue of energy condition on the shell for the case of static
configurations with a = a0 and a˙ = a¨ = 0. In our case the weak energy condition is satisfied
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provided σ ≥ 0, and σ + p ≥ 0. Using Eqs. (20) one obtains
σ0 = − 1
8pia0
√
f0
{
10f0 +
80α2
a20
f0(3− f0) + 48α3
a40
f0(15− 10f0 + 3f02)
}
, (22)
σ0 + p0 =
1
8pia0
√
f0
{
(−2f0 + a0f ′0) +
8α2
a20
{3a0f ′0(1− f0) (23)
−6f0(3− f0)}+ 24α3
a40
{3a0f ′0(1− 2f0 + f 20 )− 2f0(15− 10f0 + 3f02)}
}
, (24)
where f0 = f(a0) and f
′
0 = f
′(a0). In contrast to the case of an Einsteinian thin-shell
wormhole for which σ < 0 and therefore the weak energy condition is violated [10], here
we can have thin-shell wormholes with normal matter on shell. In order to investigate the
exoticity of the matter, we calculate the amount of matter on shell which is
̥ =
∫
drdΩ5[σ0δ(r − a0) + pr]. (25)
For our case, the shell does not exert radial pressure, pr = 0, and therefore the amount of
matter on shell is
̥ = pi3a50σ0 = pi
2
√
f0
{
−5
4
a40 + 10α2a
2
0(−3 + f0) + 6α3
(−15 + 10f0 − 3f 20 )
}
. (26)
In Einstein gravity, α2 = α3 = 0, the matter is exotic both for Reissner-Nordstrom (Q 6= 0)
and Schwarzschild (Q = 0) thin-shell wormholes as one can see from Eq. (26). In Gauss-
Bonnet gravity (α3 = 0) with α2 < 0, one may have thin-shell wormholes supported by
normal matter [23].
Now, we investigate the condition that thin-shell wormhole may be supported by normal
matter in third order Lovelock gravity. For the special case α3 = 2α2
2 = α2/72 , Eq. (26)
shows that ̥ < 0, and therefore the on shell matter is exotic. But, one can choose the
parameters of the metric function such that the amount of exotic matter on the throat to
be as less as possible. For instance, as one can see in Fig. 1, the amount of exotic matter
decreases as q increases.
For the general solutions of third order Lovelock gravity with positive values of α2 and
α3, the matter on the shell is exotic as one can see in Fig. 2. But, for α3 > 0 and α2 < 0, ̥
can be positive and therefore the matter may be normal, as one can see in Fig 3. For this
case as Fig 4 shows, there exists a region with σ0 ≥ 0 and σ0 + p0 ≥ 0 and therefore WEC
is are satisfied. Since 0 < f0 < 1, the factor of α3 in Eq. (26), −15 + 10f0− 3f 20 , is negative
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and therefore the amount of normal matter for negative α2 decreases as α3 increases. Also,
in this case the amount of normal matter decreases as the charge q increases.
FIG. 1: Right: f(r) versus r; Left: ̥/100 versus a0 for α = 1, m = 20, q > qext, q = qext and
q < qext from up to down, for the right figure and down to up for the left figure, respectively.
FIG. 2: Right: f(r) versus r; Left: ̥/100 versus a0 for α2 = 0.2, α3 = 0.4, m = 30, q > qext,
q = qext and q < qext from up to down, for the right figure and down to up for the left figure,
respectively.
FIG. 3: Right: f(r) versus r; Left: ̥/1000 versus a0 for α2 = −0.8, α3 = 0.5, m = 20, q = 57, 46.5
and 23.72 from up to down, for the right figure and down to up for the left figure, respectively.
VI. STABILITY ANALYSIS
In this section, we perform a stability analysis under a linear perturbation such that the
spherical symmetry of the wormhole configuration is preserved. To analyze the stability,
9
FIG. 4: σ0 (line) and σ0 + p0 (dotted) versus r for α2 = −0.8, α3 = 0.5, m = 20 and q = 23.72.
we use a cold equation of state p = p(σ) with η = dp/dσ. We consider a small radial
perturbation around a static solution with radius a0. In this case, one may write p ≃
p0 + η0(σ − σ0), where p0, σ0 and η0 are the transverse pressure, surface energy density and
(dp/dσ) at a = a0, respectively. Using this linear equation of state and Eq. (21), one obtains
σ (a) =
(
σ0+p0
1 + η0
)(a0
a
)5(1+η0)
+
η0σ0−p0
1 + η0
. (27)
Now Eq. (20), which is the equation of motion for the radius of the throat, can be written
as
5a4 + 40α2a
2
[
2(1 + a˙2) + 1− f(a)]+ 24α3{8(1 + a˙2)2
+4[1− f(a)](1 + a˙2) + 3[1− f(a)]2]
}
= − 4pia
5σ(a)√
a˙2 + f(a)
, (28)
where σ(a) is given in Eq. (27).
In principle, one may solve Eq. (28) for a˙2 and obtain the potential V (a) in the equation
a˙2 = −V (a). Then, the wormhole with radius a0 is linearly stable provided the potential
V (a) is negative and minimum at a = a0. In third order Lovelock gravity, one encounters
with a fifth order algebraic equation for a˙2 and therefore one may perform stability analysis
numerically. Numerical calculations are shown in Figs. 5 and 6. As these figures show,
the wormholes are stable provided the derivative of surface pressure density with respect
to surface energy density at the throat, η0, is negative and the throat radius a0 is chosen
suitable.
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FIG. 5: V (a) versus a for α2 = −0.8, α3 = 0.5, m = 20, q = 23.72, and η = 1.2 (right); η = −1.8
(left).
FIG. 6: V (a) versus a for α2 = 0.2, α3 = 0.4, m = 30, q = 7.9 and η = 0.9 (right); η = −1.8 (left).
VII. CLOSING REMARKS
In this paper, we first use the well-known cut-and-pase technique, and constructed the
asymptotically flat thin-shell wormholes of Lovelock gravity in seven dimensions. We calcu-
lated the components of energy momentum tensor on shell through the use of the general
junction condition. We found that the matter on the throat is exotic if both α2 and α3
are positive. However, the amount of exotic matter on shell reduces as the charge of the
wormhole increases. In the case of negative α2 and positive α3, one may have a region for
the throat radius with σ0 ≥ 0 and σ0 + p0 ≥ 0, and therefore WEC is satisfied. That is,
one may have wormholes with normal matter provided α2 < 0 and α3 > 0. In this case, the
amount of normal matter decreases as the third order Lovelock parameter increases. Finally,
we applied a linear stability analysis against symmetry preserving perturbation and found
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that the wormholes with suitable throat radius are stable provided η0 = (dp/dσ)a0 < 0.
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